ABSTRACT Background/aims: To compare the penetration of levofloxacin, ofloxacin and ciprofloxacin in the aqueous humour of eyes with functioning filtering blebs. Methods: In this investigator-masked study, 48 patients with functioning filtering blebs requiring cataract surgery were randomised into six groups of eight patients. Groups 1, 2 and 3 received topical ofloxacin 0.3% (OcufloxH), ciprofloxacin 0.3% (CiloxanH) and levofloxacin (QuixinH) respectively; Groups 4, 5 and 6 received the same treatment with the corresponding oral dose of ofloxacin 400 mg (Floxin), ciprofloxacin 400 mg (Cipro) and levofloxacin 250 mg (Levaquin). Aqueous antibiotic levels were determined by mass spectrometry of aqueous samples from each patient. Results: The mean aqueous level for topical levofloxacin was significantly higher than those achieved by topical ofloxacin or ciprofloxacin (p value = 0.02 and 0.01, respectively). The combination of topical and oral levofloxacin was significantly higher than topical levofloxacin alone (p = 0.05) and the ciprofloxacin combination (p = 0.003) but not significantly higher than the ofloxacin combination therapy. Conclusions: Topical levofloxacin penetrates better than ofloxacin or ciprofloxacin into the aqueous of eyes with functioning filtering blebs. The combination of topical and oral levofloxacin may be preferable in the treatment of blebassociated infections (NCT 00392275; Clinical trials.gov).
The widespread use of antimetabolites in glaucoma filtering surgery has greatly improved success rates but has increased the risk of complications, particularly infection. Estimates have suggested that the risk of bleb infection and subsequent endophthalmitis in eyes with antimetabolite filtering blebs (in particular with mitomycin-C) may be as high as 1% per year. 1 It is widely recognised among the ophthalmic community that infection in postoperative glaucoma patients will be a major health risk in the future, and to date there are few studies addressing appropriate guidelines of drug penetration for treatment of infections in eyes with filtering blebs.
The primary organisms involved in bleb-associated infections are Staphylococcus epidermidis, Streptococcus species and Haemophilus influenzae. Topical fluoroquinolones are widely available. Because of their broad spectrum of activity, they have the potential to be useful as first-line therapy in these situations provided a high enough concentration of antibiotic is achieved in the aqueous humour. Previous work suggests that combining oral and topical administration may greatly increase the aqueous antibiotic concentration. 3 4 The purpose of this study was to compare the penetration into the eye of levofloxacin, ofloxacin and ciprofloxacin given either topically alone or in a combination of topical and oral administration.
MATERIAL AND METHODS Study design
This was a single-centre, prospective, investigator masked, randomised controlled clinical study. The study involved 48 eyes from 48 patients. To be eligible, eyes must have had a functioning filtering bleb and a visually significant cataract for which the patient had elected to have cataract surgery. Exclusion criteria included ongoing ocular inflammation, bleb leakage (determined by the Seidel test), suspected infection, known contraindication to any of the test medications and pregnancy. All eyes were evaluated preoperatively, as would be performed for eyes being considered for cataract surgery but with special attention focused on the appearance of the filtering bleb, noting its height, vascularity and any evidence of leakage. If eligible, patients were asked to read and sign the informed consent and were randomised to one of the following groups: c Group 1: ofloxacin 0.3% (OcufloxH; Allergan, Irvine, California) drops alone; . Patients received a reminder telephone call on how to utilise their study medication the day before surgery. Topical medication was administered every 30 min for 4 h leading up to surgery, with the last drop instillation approximately 30 min before start of surgery. Those patients also receiving oral antibiotics received the appropriate dose at 24-26 h, 12-14 h and approximately 2 h prior to surgery. To maintain masking, the medication was dispensed by study staff other than the investigators, and subjects instilled their eye-drops and took their medication according to an instruction sheet.
Sampling and surgical procedure
Following standard preparation and draping of the eye, typical for cataract surgery, a clear corneal paracentesis, using a tuberculin syringe, was performed as the initial entry into the eye. A single aliquot of aqueous of 0.1 ml was aspirated. All samples were labelled, immediately placed in a dry ice container and stored at 280uC until all samples were collected. The surgical and follow-up procedures were as routinely practised in the clinic.
Sample preparation and analytical procedures
Once all the samples were collected, they were sent to the University of Cincinnati College of Pharmacy, Cincinnati, USA for analysis. The samples were assayed by reversed-phase highperformance liquid chromatography (HPLC) as previously described. 5 6 The lower limit of quantification was taken to be 50 ng/ml for all three analytes.
Statistical analyses
The sample size calculation was based on a study conducted previously by the investigator. 4 The standard deviation was estimated at 0.5 mg/ml in antibiotic concentration. The difference to be detected was 1.0 mg/ml among the six treatment groups with a 95% confidence (alpha = 0.05). A sample size of eight per group had about 0.80 power to detect such a difference under an analysis of variance.
For each group, the mean and standard deviation of aqueous levels of antibiotic were calculated. A t test was used to determine whether the means of two treatment groups were significantly different. To determine the method of estimating the combined variance for the t test, the variances of the mean tissue levels were compared. If the variances of the mean tissue level for the two treatment groups were equal, a pooled variance estimate was used. If not, a weighted method was used to combine the variances. An alpha level of 0.05 was used for interpreting the results, and no adjustment was made for performing multiple comparisons.
RESULTS
Eight eyes per treatment group were enrolled. Measurable antibiotic levels were found in all samples. Table 1 summarises the mean and standard deviation for the aqueous antibiotic levels of each group. Table 2 shows the t test for selected comparisons.
The mean aqueous levels achieved after topical administration of levofloxacin were significantly greater than those observed with topical administration of ofloxacin, topical administration of ciprofloxacin and the combined topical and systemic administration of ciprofloxacin but significantly lower than the combined topical and systemic administration of ofloxacin. The combined topical and systemic administration of levofloxacin achieved mean aqueous levels that were significantly greater than topical administration of levofloxacin alone and the combined administration of topical and systemic ciprofloxacin but were not significantly different from the combined topical and systemic administration of ofloxacin. Topical ofloxacin failed to achieve aqueous concentrations that were significantly higher than those by topical ciprofloxacin. Given the poor penetration demonstrated by ciprofloxacin in this study, further statistical comparisons were not done.
There were no differences in the bleb grading between the groups based on the IBAGS 7 grading scale (p = 0.97 for height, p = 0.71 for extent, p = 0.44 for vascularity, Kruskal-Wallis test). However, the group sample sizes were small, and IBAGS data were missing for about 20% of subjects. Central corneal thickness measurements were not available for the majority of eyes in both groups and could not be compared. Mean preoperative IOPs were not statistically different among groups (p = 0.35, Kruskal-Wallis test). The mean preoperative intraocular pressures of the groups ranged from 6.2 to 9.1 mm Hg. Except for one subject with an IOP of 18 mm Hg on three glaucoma medications, all subjects had an IOP (13 mm Hg. Only four subjects were on glaucoma medications, and three of them had an IOP (10 mm Hg.
DISCUSSION
The results obtained for ofloxacin and ciprofloxacin in this study confirm those previously published: the penetration of ofloxacin following the use of a topical formulation or the combination of topical and systemic ofloxacin leads to a superior aqueous humour concentration compared with ciprofloxacin administered in similar doses. 4 Indeed, given the options available, the use of ciprofloxacin in cases of bleb infections is not advisable.
Levofloxacin eye-drops have been shown to develop anterior chamber concentrations that are twofold higher than those achieved by ofloxacin eye-drops 8 and nine times those following the use of ciprofloxacin eye-drops. 9 The MIC 90 values for fluoroquinolone sensitive bacteria of levofloxacin are approximately 50% lower than those of ofloxacin. 10 11 This makes the results of this study especially interesting as levofloxacin was shown to have a superior penetration bmjupdates+ bmjupdates+ is a unique and free alerting service, designed to keep you up to date with the medical literature that is truly important to your practice. bmjupdates+ will alert you to important new research and will provide you with the best new evidence concerning important advances in health care, tailored to your medical interests and time demands. 
